The potential for polyaromatic hydrocarbon (PAH) emissions from laser printers has been examined using a simulated printing process and a detailed chemical analysis of printer toner. We have analysed the PAH content of both carbon black (a toner constituent) and toner before and after heating and have found measurable evaporation and subsequent condensation of PAHs. Based on our analysis we have estimated a maximum possible PAH emission rate of 82.1 µg/minute of printing for a 10% page coverage. Our VOC emission results agree well with those of other authors. The concentrations of individual PAHs in the emissions were relatively low, however non-trivial, especially long term.
Introduction 1
Laser printing devices are common in workplaces, libraries and in homes. There has recently been concern over the health effects of such printers; proportion of commercial laser printers generated ultrafine particles and that 11 around half of those that did, did so at high concentrations.
12
This potentially represents a health risk as there is growing evidence to roller temperature in laser printers and found that it was the most significant 31 factor in terms of the number of particles generated.
32
Given that laser printers are almost exclusively used indoors, there will 33 be a risk of exposure to printer emissions and as such consideration must be 34 given to printer emissions when monitoring indoor air quality. Kagi et al. 
Methods
Our "simulate" printing (or toner heating) methods emulate the evaporation-48 condensation processes which are likely to occur on the fuser-roller of a laser 49 printer. We neglect the additional forces (mechanical and electrostatic) which 50 exist in a printer. We also do not have a sorbent substance (paper) present.
51
The heating rates in our system were necessarily slower than in a real printer, 52 and the toner mass higher per unit area. However, we believe our system 
69
This allows any mass loss from the toner due to heating to be measured.
70
A series of measurements were made using the TGA, with samples (10-30 as close an approximation to the printing process as possible.
78
The second set of measurements the TGA was held isothermal at 250 in other work were then used to calculate emission rates.
90
Additional experiments were also conducted using larger size toner sam- for a further five minutes, so that any additional emissions could be drawn 100 through the filter. The filters were weighed before and after the tests so that the collected mass of emissions could be obtained.
Each of the filters used was initially heated to either 550
• C or 250
• C and 103 then cooled in a dessicator before use. At the conclusion of sample collection 104 the filters were removed and returned to the dessicator before being weighed.
105
After weighing the filter was heated to 100 This is in contrast to Printex U, which begins to lose mass at lower (despite dessication prior to analysis, which suggests a high surface area).
160
In comparing the results, it should be noted that carbon black is a com-ponent of toner and therefore would be expected to show a higher mass loss 162 than the toner itself, where it has effectively been diluted with binder. It is 163 useful in this study, to consider Printex U as it contains a higher proportion
164
of PAHs and therefore they should be more readily measured. Table 1 , where c is 169 the concentration of the compound in the carbon black (w/w).
170
The VOCs shown in Table 1 only make up 0.015 % of the mass of Printex 171 U, and so are likely present in toner in very low (difficult to measure) con-172 centrations.
173
The results of the PAH analysis are shown in Table 3 shows the results of the PAH analysis for printer toner, again 191 only compounds present in quantities above the detection limit are shown. 
192

198
In order to relate these results back to 'real world' printing we consider would be an overestimate as this assumes that all PAHs are emitted to air.
209
In reality, it is likely that given the proximity of the paper to the fuser roller, 210 some (or most) of the PAHs emitted will be absorbed by the paper. The 211 other consideration is that the heating of the toner by the fuser roller will 212 likely be more rapid than in the simulated printing process we have used,
213
which may lead to reduced emissions. The estimate provided here should be 214 paper.
217
The results of our work may also be compared to results in the literature 
224
With that considered, the two results agree well.
225
To further confirm the release of compounds from toner, large scale tests it is assumed that all collected emissions are either, water, SVOCs or PAHs.
236
Given that over 80% of the mass collected on the filter is still present after 237 heating to 100
• C, it is assumed that the majority of the emissions are VOCs Koivisto, A. J., Hussein, T., Niemelä, R., Tuomi, T., Hämeri, K., 2010.
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